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Mutant Weeds of Iowa: V. S-triazine Resistant Setaria faberi Herrm. 1 
R. THORNHILL and ]. DEKKER 
Agronomy Department, Iowa State University, Ames, IA 50011 
S-triazine resistance in giant foxtail (Setaria faberi Herrm.) has been reported previously, but not in the midwesrern U.S. corn belt or Iowa. 
A study was conducted using a chlorophyll fluorescence assay to confirm the presence of resistance in one S. faberi population in Iowa. 
Variable chlorophyll fluorescence assays confirmed that a population of this species with this type of resistance exists in Iowa. This is the 
first report of s-triazine resistance in S. faberi, and the fourth species with this type of herbicide resistance, found in an Iowa agroecosysrem. 
INDEX DESCRIPTORS: foxtail, herbicide resistance, atrazine, Setaria 
S-triazine resistance in higher plants was first discovered in 1968 in 
Senecio vulgaris L. by Ryan (1970). Subsequent studies revealed that this 
type of herbicide resistance was a consequence of reduced herbicide 
binding to the 32kD chloroplast protein, D-1, in the resistant (R) 
biotype (Pfister et al. 1981; Steinback et al. 1981). S-triazine herbicides 
act by binding to the D-1 protein in the chloroplast thylakoid mem-
branes and thereby inhibiting photosynthetic electron transport. 
Chlorophyll fluorometry is an intrinsic probe of photosystem II func-
tion (Krause and Weis 1984). When s-triazine herbicides bind to the 
D-1 protein and block electron transport, light energy absorbed by 
chloroplasts is quickly re-emitted as fluorescence. The relative 
strength of the fluorescence signal is an ideal indicator of s-triazine 
susceptibility and resistance. 
S-triazine resistance has been reported previously in S. faberi (Ritter 
et al. 1989) at several locations, but not in Iowa. This type of herbicide 
resistance has been confirmed in three other plant species in Iowa: 
common lambsquarters (Chenopodium album L.) (Dekker and Burmes-
ter 1989); Pennsylvania smartweed (Polygonum pensylvanicum L.) (Dek-
ker et al. 1991); and kochia (Kochia scoparia (L.) Schracl.) (Dekker et al. 
1987). The objective of this study was to determine whether a popula-
tion of S. faberi discovered in an Iowa agricultural field with a history of 
continuous s-triazine use possessed s-triazine resistance. We provide 
evidence that this population is s-triazine resistant. 
MATERIALS AND METHODS 
The putative R S. faberi plants evaluated in this study came from 
plants gathered in one 60 acre field. This central Iowa field was located 
near Pella in Marion County, and had been cropped continuously with 
com (Zea mays L.) for at least 20 years by two members of the same 
family. Atrazine ( 6-chloro-N-ethyl-N' -( l-methylethyl)-1, 3, 5-tri-
azine-2, 4-diamine) had been applied at ca. 3. 3 kg/ha active ingredient 
in every year from 197 4-1989, except in 1987 and 1988. EPTC (s-ethyl 
dipropyl carbamothioate) plus dichlormid (2,2-dichloro-N ,N-di-2-
propenylacetamide) was applied in 1987 and Alachlor (2-chloro-
N-(2' ,6'-diethylphenyl)-N-(methoxymethyl) acetamide} plus Atra-
zine ( 6-chloro-N-ethyl-N '-(1-methylethy 1)-1, 3, 5-triazine-2, 4-di-
amine). Both Sand R plants ofS. faberi were established from seed. Leaf 
disks showing no evidence of senescence or injury were taken from 
fully expanded leaves just prior to analysis. Leaf disks were analyzed 
with variable chlorophyll a fluorescence (VCF) methodologies reported 
previously (Ahrens et al. 1981; Ali and Souza Machado 1981; liuelove 
and Hensley 1982) and as modified by Dekker et al. (1991). Briefly, 
two 8 mm disks were taken, both from one leaf of each plant of each 
biotype (R, S). Both leaf disks were placed in separate dishes contain-
ing a phosphate buffer solution (pH 7.5). VCF measurements were 
made afrer the disks in the dishes were incubated in the dark for 10 
min. Afrer the initial VCF measurement, one leaf disk from each plant 
was treated by placing them in a 1x10-4 M atrazine (technical grade) 
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and phosphate buffer solution. The other (untreated) leaf disk from the 
same leaf remained in phosphate buffer solution. VCF evaluations were 
made just prior to treatment and again at 203 min afrer treatment. 
Between these evaluations the disks were maintained under metal 
halide lights providing light of ca. 300 µmol quanta m-2 s-1• Due to 
the consistent fluorescence yield of similar tissue under similar experi-
mental conditions, the data presented represent the set of disks of each 
biotype. 
RESULTS AND DISCUSSION 
Several consistent changes in VCF occurred due to genotype and 
herbicide treatment. Untreated Rand S leaf disks showed VCF yields 
typical of uninhibited tissues (Fig. 1). The higher fluorescence onset 
(F0 ), peak fluorescence (F) and FjFP (Fv> variable fluorescence) data 
(Krause and Weis 1984) fuund in the R disks relative to that in the S 
disks is consistent with previous observations of less efficient electron 
transport in the R biotype (Arntzen et al. 1979; Burke et al. 1982; 
Dekker and Westfall 1987a, b). When disks were incubated for 203 
min in light and atrazine, the S tissue VCF yields (FP, FjFpl (Fig. 2) 
were greater than VCF yields before treatment with s-triazine. This 
change in VCF yield in S response to atrazine is consistent with 
blocked electron transport in the chloroplast. This is definitive evi-
dence of s-triazine susceptibility. VCF yields observed in R disks were 
similar in both the control and atrazine treated disks, before and afrer 
treatment (Fig. 3). This similarity in VCF (FP, F)Fpl (Fig. 3) in the 
0.80 
f 0.75 
::i 
~ 
.~ 0.70 
-e 
.!. 0.65 fl 
c 
fl 0.60 
.. 
l!! 
0 
::i 0.55 ii: A s 
>. 0.50 &. CL 
e 
.S! 0.45 &. 
I Fo 0.601 0.573 F, 0.728 0.622 F,,/F. 0.174 0.079 
u 
0.40 
0 2 3 4 5 6 7 8 9 
Time (seconds) 
Fig. 1. Relative chlorophyll fluorescence (arbitrary units) with time 
(seconds) from s-triazine susceptible (S) and resistant (R) Setaria faheri 
leaf disks at the start of the experiment, before treatment with atrazine. 
F 0 , onset of variable fluorescence; F P' peak fluorescence; F"' variable 
fluorescence. 
14 )OUR. IOWA ACAD. SCI. 100(1993) 
0.85 
i 0.80 
c 
:I 
~ 
1! 
i 
0.75 
0.70 
~ 0.65 
I 0.60 
~ 0.55 I 0.50 
.2 ts 0.45 
0.40 
-
I 
0 
~ p 
Fy/lj. 
2 
Atrazine Buffer 
0.573 
0.819 0.622 
0.079 
3 4 5 6 7 
Time (seconds) 
I -- Buffer I -- Atrazine : 
8 9 10 
Fig. 2. Relative chlorophyll fluorescence (arbitrary units) with time 
(seconds) from s-triazine susceptible (S) Setaria faberi leaf disks treated 
with (10"4 M plus buffer) and without atrazine (buffer only) for 203 min. 
in the light. F 0 , onset of variable fluorescence; F P' peak fluorescence; 
F.,. variable fluorescence. 
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Fig. 3". Relative chlorophyll fluorescence (arbitrary units) with time 
(seconds) from s-triazine resistant (R) Setaria faberi leaf disks treated 
with (10-4 M plus buffer) and without (buffer only) atrazine for 203 min. 
in the light. F 0 , onset of variable fluorescence; F P' peak fluorescence; 
F.,. variable fluorescence. 
presence and absence of atrazine is evidence in support of an altered 
herbicide binding site associated with s-triazine resistance (Pfister et 
al. 1981; Steinback et al. 1981). 
The R S. faberi plants were found in an agricultural field with a 
minimum of 20 years of continuous corn production and the use of 
atrazine in 15 of those years. This observation is consistent with 
previous reports ofR weeds appearing in fields in which weed flora are 
subjected to continuous s-triazine herbicide selection pressure. This is 
the first evidence of R in S. faberi in Iowa or in the midwestern corn 
belt. This is also the first instance of a grassy R weed in these 
agroecosystems. This report is the fifth in a series (Dekker and 
Burmester 1987; Dekker and Dekker 1987; Dekker et al. 1987, 1991). 
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